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ABSTRACT INTRODUCTION. Chikungunya virus (CHIKV) genotyping involves sequencing fractions of genes
encoding E1, E2, and nsP1 proteins or the entire genome of the virus. Available reagent kits or
polymerase chain reaction protocols cannot be used for CHIKV genotyping, and nucleic acid se-
quencing requires expensive equipment and materials, which are not always available. There-
fore, it seems promising to use a simpler and more cost-effective restriction fragment length
polymorphism (RFLP) method, which has not previously been used for CHIKV genotyping.
AIM. This study aimed to investigate the possibility of using reverse transcription polymerase
chain reaction (RT-PCR) and RFLP for CHIKV identification and genotyping.

MATERIALS AND METHODS. The experimental study used RNA from CHIKV strains of four
genotypes, including the Asian, West African (WAf), and East/Central/South African (ECSA)
genotypes, and the Indian Ocean Lineage of the ECSA genotype (ECSA-IOL). The study used
RT-PCR followed by DNA restriction and restriction fragment length analysis.

RESULTS. The nsP2 gene fragment of 648 bp in length (positions 3806 to 4453) contains re-
cognition sites for the restriction endonucleases PspEl, Pvull, and Dral. The presence or absence
of these sites generates a different combination specific to each of the four CHIKV genotypes.
The authors designed primers for amplification of the selected gene region and performed
RTPCR and RFLP.

CONCLUSIONS. The RFLP method can be used for rapid CHIKV identification and genotyping.
The method provides results within a few hours and does not require high-tech equipment.

Keywords: Chikungunya virus; reverse transcription polymerase chain reaction; restriction fragment length
polymorphism; genotyping
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PE3IOME

BBEOEHUE. leHoTunuposaHue Bupyca YukyHryHbs (YMKB) npoBoaMTcs € MOMOLLbIO CEKBEHM-
poBaHus yyacTkoB reHos 6enkos E1, E2, nsP1 unu Bcero reHoma Bupyca. Mmerowmecs Habopsl
peareHTOB MAM npotokon nposenenus TMLP He nossonsiwT reHotunuposaTb YMKB, a onsa ce-
KBEHMPOBAHWA HYKNEUHOBBIX KUCNOT TpebytoTcs AoporocTosiuee o6opynoBaHUe U MaTepuansl, 4To
He BCeraa A0CTYMNHO. B BS3M € 3TMM NepcnekTUBHbLIM NpeacTaBnseTcs npuMeHeHue 6onee NnpocToro
M 3KOHOMWMYHOTO MeToAa nonuMopduU3mMa ANUH PeCTPUKLMOHHBIX pparmeHToB (MOP®), koTopbiit He
MCMNONb30Basca paHee Ang onpenenexHuns reHotunos Y/KB.

UEJIb. V3yyeHne BO3MOXHOCTU MNPUMEHEHUS TMONMMEPA3HOM LErnHOW peakuuMn C obpaTHOM
TpaHcKpunuueir U Metoaa nonMMopdusMa ANMH PECTPUKLMOHHBIX (ParMeHTOB ONS WUAEHTU-
dUKaLMM U TeHOTUNMPOBAHKS BUPYCA YMKYHTYHbS.

MATEPWUAJIbl U METO/bI. B skcnepuMeHTanbHOM nccnenoBanum ncnonbsosanu PHK wram-mos
YMKB yeTbipex reHoTunos: Asunatckui (Asian), 3anaaHo-Adpukanckun (WAF), BoctouHo-LleHT-
panbHbi KOxHO-AdppukaHckuin (ECSA) n BoctouHo-LleHTpanbHbif KOXXHO-APpPUKAHCKUA — nu-
HUa MHpuitckoro okeaHa (ECSA-IOL). Mposoannu nonMMepasHyto LenHyo peakumto ¢ o06paTHoM
TpaHckpunuwuen (OT-MLP) c nocneayowen pecTpukumMen U aHanM3oM AAWH PeCTPUKLMOHHbIX
¢parmeHTOB.

PE3YJIbTATbI. YcTaHoBneHO, 4To dparMeHT reHa nsP2 anuHoi 648 n.H. mexay nosuumsamu 3806
1 4453 copepXuT CanTbl y3HaBaHUA IHAOHYKNea3aMun pectpukummn PspEl, Pvull u Dral, Hanuune
MM OTCYTCTBME KOTOPBIX COCTABASAKT pPa3fiMyHble KOMOMHALMKU U cneundUYHbl NS KAaXA0ro
13 yetblpex reHotunos YMBK. CkoHCTpyMpoBaHbl NpariMepbl, N03BOAAIOWME aMIANPULMPOBATD
BbIGpaHHbIN y4acToK reHa, npoeeaeHbl OT-MUP v ananus MAPO.

BbIBOObI. [1ns 6bicTporo noATBEpXAEHUS MOAJMHHOCTM BUpPYCa YUMKYHIYHbS M €ero reHoTunw-
poOBaHMS MOXeT ObiTb YCMEWHO WMCMONb30BaH MeToh MONMMOpOM3MAa AJIMH PEeCTPUKLMOHHBIX
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INTRODUCTION

Chikungunya virus (CHIKV), transmitted by Aedes
mosquitoes found in tropical and subtropical coun-
tries, is the causative agent of chikungunya fever,
which is characterised by an acute febrile reaction
and rash followed by potentially chronic myalgia
and arthralgia [1, 2].

CHIKV belongs to the Alphavirus genus of the
Togaviridae family and has four genotypes, includ-
ing the Asian, West African (WAf), and East/Central/
South African (ECSA) genotypes, and the Indian
Ocean Lineage of the ECSA genotype (ECSA-IOL).
Despite their names, CHIKV genotypes do not have
a clear geographical distribution pattern, and sev-
eral genotypes can be isolated from the same ter-
ritory [2-6].

Currently, CHIKV detection in mosquitoes and
laboratory confirmation of clinical diagnosis are
based on a testing algorithm developed by the
US Centers for Disease Control and Prevention
(CDCQ).The algorithm involves the use of primers for
different regions of envelope glycoprotein 1 (E1),
envelope glycoprotein 2 (E2), and non-structural
protein 1 (nsP1) genes or, alternatively, commercial
kits for real-time polymerase chain reaction (PCR)
[2-10].

It is important to identify the viral strain geno-
type to determine the geographical source of infec-
tion during epidemiological investigations. CHIKV
genotyping involves sequencing fragments of
genes encoding E1, E2, and (less frequently) nsP1
proteins or the entire viral genome [1-3, 6, §, 9,
11, 12]. However, nucleic-acid sequencing requires
costly equipment and materials, which are not al-
ways available, and neither the existing test kits nor
the PCR protocol can genotype the virus.

Previous findings suggest that the restriction
fragment length polymorphism (RFLP) method can
be used to genotype paramyxoviruses (mumps and
measles) and matonaviruses (rubella); potential ap-
plications extend up to rapid identification of spe-

Biological Products. Prevention, Diagnosis, Treatment. 2024, V. 24, No. 3

cific viral strains [13-15]. Therefore, it seems rea-
sonable to suggest that RFLP applications may be
used to genotype CHIKV. This will be the first use of
the method for this purpose.

This study aimed to investigate the possibility of
using reverse transcription polymerase chain reac-
tion (RT-PCR) and RFLP for CHIKV identification and

genotyping.

MATERIALS AND METHODS

The study used RNA of alphaviruses and flavi-
viruses. The Alphavirus genus was represented by
CHIKV virus (four genotypes, Asian, ECSA, ECSA-IOL,
and WAT, three strains of each, pre-identified by se-
quencing), Venezuelan equine encephalomyelitis
virus (two strains), and Sindbis virus (two strains).
The Flaviviridae family was represented by yellow
fever virus strain 17D, dengue virus serotypes 1-4,
Japanese encephalitis, West Nile virus, and tick-
borne encephalitis virus (one strain of each).

The strains that were used for RNA production
were obtained from the collections of the Saint Pe-
tersburg Scientific Research Institute of Vaccines
and Serums and the Enterprise for the Production
of Bacterial Preparations of the Federal Medical
and Biological Agency of Russia (Nicaragua Branch),
the I. Mechnikov Research Institute of Vaccines and
Sera (Russia), and the Republican Research and
Practical Center for Epidemiology and Microbiology
of the Ministry of Health of the Republic of Belarus.

The study was conducted in full compliance with
the current health and safety regulations.

RNA extraction. RNA was extracted from the virus
samples using an AmpliSens® MAGNO-Sorb test kit
(Central Research Institute for Epidemiology, Federal
Service for Surveillance on Consumer Rights Protec-
tion and Human Wellbeing) according to the instruc-
tions provided by the manufacturer. RNA was extract-
ed into 50 pL of elution solution, and the resulting
samples were stored at =70 °C until further use.
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Synthesis of cDNA from RNA samples. RT-PCR was
performed in a final volume of 60 uL. The reac-
tion mixture included 6 pL of SE 10x M-MuLV buf-
fer, 0.6 uL of dNTP mix (40 mM), 1.4 pL of M-MuLV
reverse transcriptase (50 U/uL), 8 pL of specific re-
verse primer (24 pmol/ulL), 16 pL of an RNA sample,
and 28 pL of water (all the reagents were produced
by SibEnzyme Ltd, Russia). The reaction proceeded
for 30 min at 42 °C.

PCR amplification. DNA fragments of 648 bp were
amplified in 125 L of reaction mixture containing 25
pL of cDNA, 5 uL of each specific primer (3 pmol/uL),
12.5 pL of SE Tag DNA polymerase buffer, 25 yL of Taq
DNA polymerase (5000 U/mL), 1.5 yL of dNTP mix
(40 mM), and 51 pL of water (all the reagents were
produced by SibEnzyme Ltd, Russia). Thermal cy-
cling was conducted using a DTprime 5M1 ampli-
fier (DNA-Technology LLC, Russia) and the following
programme: a 90 s hot start at 95 °C, 35 amplifi-
cation cycles (20 s at 95 °C, 40 s at 55 °C, 40 s
at 72 °C,and 40 s at 72 °C), 10 min at 72 °C, and
storage at 10 °C. The restriction analysis involved
digestion with the restriction endonucleases Dral,
Pvull, and PspEl (SibEnzyme Ltd, Russia). After PCR
amplification, 25 yL reaction mixture aliquots were
supplemented with 5 pL of ROSE restriction buf-
fer (SibEnzyme Ltd, Russia) and 20 pL of water and
then divided into two aliquots of 25 pL each. One
was mixed with 1 pL of restriction endonuclease,
and the other was used as a negative control. After
1 h of incubation at 37 °C, the digestion products
were separated by electrophoresis on a 2% agarose
gel stained with ethidium bromide and visualised
under transmitted UV light using a transillumina-
tor. Recombinant plasmid DNA carrying a sequence
encoding CHIKV nsP2 (Cat. No. D-1652, Bioservice
Biotechnology Company Ltd, Russia) was used as a
positive control.

Software. Multiple nucleotide alignment of
CHIKV sequences was performed using MAFFT ver-
sion 7%. Oligonucleotide primers were designed us-
ing OLIGO 4.0%

RESULTS AND DISCUSSION

Selection of a CHIKV genome fragment suitable

for RFLP genotyping
The selection of a CHIKV fragment for RFLP ana-

lysis included the following steps:

- multiple alignment of 731 CHIKV genome se-
quences from the GenBank database of the
National Centre for Biotechnology Information
(NCBI)? that had their genotypes specified;

- analysis of the most conserved RNA regions of
each of the four CHIKV genotypes;

- selection of the optimal fragment for CHIKV ge-
notyping by the presence/absence of restriction
endonuclease recognition sites;

- selection of specific forward and reverse primer
sequences for the amplification of the selected
fragment of the CHIKV genome sequences.

Sequence analysis of the CHIKV strains available
in GenBank to select a CHIKV genome fragment for
genotype differentiation by RFLP

A GenBank search for CHIKV nucleotide se-
quences of at least 10,000 bp selected a total of
731 nucleotide sequences of all four CHIKV geno-
types. The search identified genotype-specific com-
binations depending on the presence or absence
of restriction endonuclease recognition sites in a
648 bp nsP2 gene fragment located between po-
sitions 3806 and 4453 (relative to the reference
CHIKV genome, GenBank NC_004162). The structur-
al variability of RNA in this fragment informed the
selection of degenerate primers suitable for RT-PCR
amplification of the target genomic fragment of the
studied CHIKYV strains (Table 1).

Multiple sequence alignment showed that the
selected nsP2 gene fragment may contain recogni-
tion sites for the restriction endonucleases PspEl,
Pvull, and Dral, depending on the CHIKV genotype
(Fig. 1, Table 2).

CHIKV genotypes differ in the PspEl, Pvull, and
Dral restriction sites (Table 2). Asian, ECSA, and
ESCA-IOL genotype strains contain a GGTTACC se-
quence that is cleaved with PspEl at position 350
of the selected nsP2 gene fragment (GGTNACC
recognition site), whereas WAf genotype strains
do not contain this sequence. ESCA-IOL genotype
strains carry a single nucleotide substitution of thy-
mine (T) for cytosine (C) at position 252, which re-
sults in the formation of a second PspEl recognition
site. Thus, the PspEl digestion of a PCR product of
Asian/ECSA genotype strains should yield two frag-
ments of 350 and 298 bp, and that of a PCR product
of ESCA-IOL genotype strains should produce three
fragments of 298, 252, and 98 bp. In contrast, Ps-
pEl treatment of a PCR product of WAf genotype
strains should not result in cleavage. According to
the analysis, the WAf, ECSA, and ESCA-IOL genotype
strains carry adenine (A) instead of guanine (G) at
position 527, which results in a CAGCTG sequence
and a Pvull recognition site. WAf genotype strains
carry another substitution—G instead of A at posi-

' https:/mafft.cbrc.jp/alignment/server/

https://www.oligo.net,
https://www.ncbi.nlm.nih.gov
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Table 1. Oligonucleotide structures for Chikungunya virus detection using reverse transcription polymerase chain
reaction (RT-PCR)
Ta6bnuua 1. CTpykTypa ONMIoOHYKNeoTMaoB ans Bbissnenms PHK Bupyca UukyHryHbs ¢ nomouwpto MLLP ¢ obpaTHOW

TpaHCcKpunuuen

Definition Designation Sequence (5-3’)
HaumeHnosanue  O6o3Ha4eHue lMocnedosamensHocme
(5-3)
Forward primer  CHIC2d GG(G/A)GG(T/A)GACTC(A/C)(T/C)
Mpsamoli TGAGACTGCTCA
npatimep (25 b/m.)
Reverse primer  CHIC2r-2 GTT(C/T)A(G/A)TGA(C/T)TG(G/A)

Obpam=bili
npatimep

GT(C/T)AGCCT(G/A)TCTTT
(27 b/w)

The table is prepared by the authors using their own data / Tabnuua

tion 226—creating an additional Pvull recognition
site.Asian genotype strains do not contain any Pvull
recognition sites. To summarise, Pvull cannot cleave
the 648 bp nsP2 gene fragment of Asian genotype
strains; however, the enzyme should yield 527 and
121 bp fragments for ECSA/ESCA-IOL genotype
strains and 301, 226, and 121 bp fragments for WAf
genotype strains.

Some analysed CHIKV strains of the ECSA geno-
type (including the reference NC_004162 sequence,
GenBank) lack the Pvull recognition site at position
527 of the genome sequence. Such strains can be
distinguished from Asian genotype strains by ampli-
con cleavage with Dral. According to the results of
multiple sequence alignment, the Asian genotype
has a Dral recognition site at position 403 of the
nsP2 gene fragment. This recognition site should
provide for PCR product cleavage into three frag-
ments of 403 and 245 bp. For the other three CHIKV
genotypes, the DNA fragment contains G instead of
A at position 408, and therefore the PCR product
cannot be cleaved with Dral. As follows from the
data summarised in Table 2, the restriction endo-
nucleases Pvull and PspEl are applicable for CHIKV
genotyping by the RFLP method, while the Dral en-
zyme can be used to distinguish between the ECSA
and Asian genotypes.

Primer specificity assessment

The specificity of the selected primers was de-
termined by RT-PCR. RT-PCR amplification with a
control recombinant plasmid carrying a CHIKV nsP2
sequence produced a fragment of 648 bp in length,
which corresponded to the calculated length. RT-
PCR amplification with heterologous viral RNA as

Biological Products. Prevention, Diagnosis, Treatment. 2024, V. 24, No. 3

Genomic coordinates (rela-
tive to the reference genome
NC_004162, GenBank)
KoopouHamel e 2eHome
(omHocumensHo
pegepeHcHoz20 2eHoMa
NC_004162, GenBank)

PCR product size (bp)
Pasmep [LIP-npodykma,
(n.H.)

3806-3831

648
4426-4453

COCTaB/IEHa aBTOpaMu no COBCTBEHHbIM JAHHbIM

the matrix (see Materials and Methods) did not yield
any amplification product. In contrast, RT-PCR am-
plification with RNA samples of all four CHIKV gen-
otypes produced a fragment of the expected length,
showing that the selected primers were specific to
all the existing CHIKV genotypes.

Results of RT-PCR followed by PspEl, Pvull, and Dral
enzymatic restriction

Practical testing of the developed RT-PCR- and
RFLP-based CHIKV genotyping method involved
the use of RNA from CHIKV strains of different ge-
notypes. The PspEl and Pvull cleavage of the 648 bp
fragment of the nsP2 gene yielded fragments of the
expected lengths calculated for the CHIKV geno-
types (Fig. 2).

The restriction results were clearly visualised
by electrophoresis (Fig. 2). PspEl did not cleave the
amplified fragment of the WAf genotype, whereas
Pvull cleaved it into three fragments, showing the
presence of two Pvull restriction sites. This feature
differentiates the WAf genotype from the other ge-
notypes. The study showed that there are no Pvull
restriction sites in the fragment of interest of the
Asian genotype. This difference enabled differentia-
tion between the Asian and ECSA genotypes in the
majority of the studied cases. Analysis of PCR pro-
ducts of the ECSA and ECSA-IOL genotypes demon-
strated that Pvull cleaved the fragment of interest
into identical fragments. In contrast, cleavage with
PspEl produced distinctly different fragments.

To differentiate between the ECSA and Asian
genotypes, the 648 bp fragment of the nsP2 gene
was cleaved using Dral.
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Forward primer
lpamoli npatimep

Reverse primer
ObpamHeili npatimep

The figure is prepared by the authors using their own data / PucyHok noarotoBneH aBTopamm no cO6CTBEHHbIM AaHHBIM

Fig. 1. Restriction site location in the selected nsP2 gene fragment of Chikungunya virus (genome segment assembled
for all the study strains).

Puc. 1. PacnonoxeHue caiToB pecTpuKLUMKM B BbI6paHHOM dparMeHTe reHa nsP2 Bupyca YnKyHIryHbs (CKOHCTPYMPOBAHHBIM
Y4aCTOK reHoMa BCeX LUTaMMOB).

Note. Recognition sites for the restriction enzymes: PspEl, GGINACC; Dral, TTTAAa3; . CAgCTG. Nucleotide substitu-
tions at the restriction sites are marked in red.

lMpumeyarue. CanTbl y3HaBaHus ons pectpuktas: PspEl - GGENACC; Dral - TTTAAa;- - CAgCTG. KpacHbIM LBeTOM
O0TMEYEeHa 3aMeHa HYK/1Ie0TUAA B CAliTe PECTPUKLIUM.

Table 2. Estimated restriction fragment lengths in Chikungunya virus (CHIKV) typing by the restriction fragment length
polymorphism method

Tabnuua 2. PacyeTHas onuHa GbparMeHToOB pecTpuKUMM MpU TUMMPOBaHMM Bupyca YnkyHryHbs (YMKB) meTopom
nonuMopdusmMa AMH pecTpUKLMOHHBIX PparMeHToB

CHIKV genotype Number / estimated length of restriction fragments (bp)
TeHomun YYUKB Konuuecmeo / oxxudaemas dnuHa ppazmeHmos pecmpukyuu (n.H.)
PspEl Pvull Dral
WAF One/648 Three/301; 226; 121 One/648
O0uH/648 Tpu/301; 226; 121 O0uH/648
Asian Two/350; 298 One/648 Two/403; 245
Jsa/350; 298 00uH/648 lea/403; 245
ECSA Two/350; 298 Two/527; 121" One/648
/llsa/350; 298 llea/527; 121* O0uH/648
ESCA-IOL Three/298; 252; 98 Two/527; 121 One/648
Tpu/298; 252; 98 Aesa/527; 121 O0uH/648

The table is prepared by the authors using their own data / Tabnuua coctaBneHa aBTopamu no cO6CTBEHHbIM AAHHbIM

Note. CHIKV genotypes: Asian, West African (WAf), East/Central/South African (ECSA), and ECSA Indian Ocean Lineage
(ECSA-I0L).

* There may be no Pvull site at position 527 in the genomes of some ECSA strains (including the reference genome
NC_004162, GenBank).

lpumeyarue. feHotunbl YNKB: Asnatckuin (Asian), 3anagHo-AdpukaHckui (West African, WAF), BoctouyHo-LleHTpanbHbii
lOxHo-AdpukaHckuii (East-Central-South African, ECSA) u BoctouHo-LleHTpanbHbii HOHO-ADpUKAHCKUIA — NUHUS
MHaunickoro okeaHa (East-Central-South African - Indian Ocean Lineage, ECSA-IOL).

* — cat Pvull B no3uumum 527 B reHoMax HekoTopbiX WTaMMmoB reHotuna ECSA (Bkntovas pedepeHcHbit NC_004162,
GenBank) MoxeT 0TCYTCTBOBATb.
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The figure is prepared by the authors using their own data / PucyHok noarotosneH aBTopamu no cOBCTBEHHbIM JAaHHbIM

Fig. 2. Electrophoretic detection results for PCR fragments of the nsP2 gene of Chikungunya virus (CHIKV) strains of
different genotypes, obtained upon hydrolysis with the restriction endonucleases PspEl and Pvull. Electropherogram
lanes: 1-2, molecular weight markers; 3, amplified CHIKV nsP2 gene fragment (estimated length: 648 bp); 4-7, frag-
ments of CHIKV genotypes restricted by PspEl (4, Asian; 5, East/Central/South African (ECSA); 6, ESCA Indian Ocean
Lineage (ECSA-I0OL); 7, West African (WAf)); 8-11, DNA fragments of CHIKV genotypes restricted by Pvull (8, Asian; 9,
ECSA; 10, ECSA-IOL; 11, WAS).

Puc. 2. PesynbtaThl anekTpodopetnyeckoin aetekumm MNLP-dparmeHToB reHa nsP2 wraMMoB BUMpyca YMKYHIYHbS
(YMKB) pasHbix reHOTUNOB, MOAYYEHHBIX NOCNE TMAPOAU3A NPU UCNONb30BaHMK pecTpukTas PspEl u Pvull. Jopoxku
Ha 3nekTpodoperpamme: 1, 2 — Mapkepbl MONEKYNSPHOro Beca; 3 — aMnaMduUUmMpoBaHHbIi GparmeHT reHa nsP2 YMKB
(pacuetHas anuHa 648 n.H.); 4-7 — dparmeHTbl Nocne pecTpuKUMM 3HAOHYKNea3on PspEl nocnepoBatenbHocTen
LITaMMOB, OTHOCALIMXCA K reHoTunam: Asnatckuii (Asian) — 4, BoctouHo-LeHTpanbHbivi HOxHO-AdpukaHckuit (ECSA) —
5, ECSA nunHua Unaumiickoro okeaHa (ECSA-IOL) — 6, 3anagHo-AdpukaHckuin (WAF) — 7; 8-11 — dparmeHTbl nocne
pecTpukLmMmM 3HA0HYKNeason Pvull nocnepoBaTtenbHocTe wWramMMoB reHoTmnos: Asian — 8, ECSA — 9, ECSA-IOL — 10,
WAF — 11.

The figure is prepared by the authors using their own data / PucyHok noarotoBneH aBTopamum no cO6CTBEHHbIM AAHHbIM

Fig. 3. Electrophoretic detection results for DNA fragments of the nsP2 gene of Chikungunya virus (CHIKV) strains of
Asian and East/Central/South African (ESCA) genotypes, obtained upon hydrolysis with the restriction endonucleases
PspEl and Dral. Electropherogram lanes: 1-2, amplified CHIKV nsP2 gene fragments (estimated length: 648 bp) (1,
Asian; 2, ECSA); 3-4, DNA fragments of CHIKV strain genotypes restricted by PspEl (3, Asian; 4, ECSA); 5-6, DNA frag-
ments of CHIKV strain genotypes restricted by Dral (5, ECSA; 6, Asian).

Puc. 3. Pe3ynbtathl anektpodopetnyeckor aetekumn JHK-dbparmeHToB reHa nsP2 wrammoB Bupyca YnkyHryHbs (YMKB)
reHoTunos Asuatckuit (Asian) n BoctouHo-LeHnTpanbHbiit HOxHo-AdpukaHckuii (ECSA), nonyyeHHbIX nocne rmaponunsa
npu ncnonbsoBaHum pectpuktas PspEl u Dral. Jopoxku Ha anekTpodoperpamme: 1, 2 — aMnanpuuUnMpoOBaHHbIN
dparmeHT reHa nsP2 YNKB (pacueTHas anunHa 648 n.H.) reHotmna Asian (1), reHotuna ECSA (2); 3,4 — OHK-bparmeHTsl
nocne pecTpukumm sHaoHykneason PspEl nocneposatensHocTel wrammoB reHotunos: Asian (3), ECSA (4); 5, 6 — OHK-
dbparmeHTbl Mocne pecTpuKuUMmK 3HAoHYKNeason Dral nocnenosatensHocTel wrtammoB reHoTunos: ECSA (5), Asian (6).
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Restriction analysis (Fig. 3) demonstrated that the
lengths of the fragments generated by enzymatic
cleavage were consistent with the calculated
lengths. PspEl cleaved the amplicon of the Asian
and ECSA genotypes into two fragments of 350 and
298 bp. Dral did not cleave the amplified fragment
of the ECSA genotype. However, Dral cleaved the
PCR product of the Asian genotype into two frag-
ments of 403 and 245 bp. Thus, the RFLP method
proved effective in differentiating between all the
CHIKV genotypes studied, and the results of the re-
striction analysis coincided with the data that had
been obtained by sequencing earlier.

CONCLUSION

The results obtained demonstrate that the
CHIKV nsP2 gene contains a fragment with
restriction sites whose combinations are spe-
cific for each virus genotype. As theoretically
predicted and experimentally confirmed, RT-
PCR followed by RFLP analysis can be used for
CHIKV genotyping. The test does not require
much time or high-tech equipment. In the fu-
ture, the results obtained can be used to iden-
tify and genotype biological materials that may
contain the Chikungunya fever pathogen.
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